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DETERMINATION OF THE RESPONSE OF SKIN TO CHEMICAL AGENTS
BY AN IN VITRO PROCEDURE
II. EFFECTS OF AQUEOUS ANIoNIC, CATI0NIC AND NON-IONIC SURFACTANT SOLUTIONS*
B. R. CHOMAN, Pu.D.
The skin disc measurement technic was de-
veloped to provide a means for determining the
effects of various chemical agents on non-living
dermal collagen of the calf and on excised human
skin. It was hoped that the in vitro observations
obtained would lead to a better understanding of
the interaction between chemical agents and liv-
ing skin. The first series of measurements (1)
showed that dermal collagen and skin responded
to sodium alkyl sulfate solutions by swelling or
contracting. Evidence was given to indicate that
the swelling responses resulting from sodium
alkyl sulfate treatment may be related to skin
irritation potential. For example, in the homolo-
gous alkyl sulfate series, sodium dodecyl sulfate
showing the greatest swelling action is also known
to be the most irritating to skin.
Using the same measurement technic, studies
were extended to investigate the swelling response
of soaps and some anionic, cationic, and non-
ionic surfactants. It is pointed out that the swell-
ing response of skin discs to surfactants is not
considered as the sole criterion of skin alteration.
Other changes may be involved in the interaction
between skin and topical agents. Correlation
between calf skin disc and human skin response
is not indicated here. Evaluation of skin responses
of human subjects exposed to these chemical
agents will be presented in a subsequent study.
METHODS AND MATERIALS
Dehydrated dermal collagen prepared from calf
skin served as the tissue substrate. The procedure
for preparing the calf skin discs was described in
detail (1).
Thickness increases or decreases of the calf
skin discs were measured with a dial micrometer
gauge also previously described. Measurements
of the discs were taken before and after exposure
to the test solution for 24 hours at 35°C.
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I)ifferences in responses of replicate samples
did not exceed 2%. The average of eight individual
discs for each treatment was computed.
Since the critical micelle concentration(C.M.C.) had been shown to be an important
factor in the response of the skin discs to sur-
factants, at least three concentrations of each
compound were investigated: one-half C.M.C.,
C.M.C., and twice C.M.C.
Pure fatty acids of C8, C10, C12, C14, C16, and
C18 carbon chain lengths were purchased from the
Laehat Biochemical Company, Chicago, Illinois.
The Organic Research Laboratory converted the
fatty acids to sodium soaps by the following
method. Twenty milliliters of 50% ethanol was
added to 10 gram quantities of pure fatty acid.
The mixture was warmed and neutralized with
10% sodium hydroxide solution to a phenol-
phthalein end point. The neutral soap mixture was
made slightly acid by the addition of the corre-
sponding fatty acid. After the mixture was
evaporated to dryness in a steam oven, the residue
was ground finely and extracted with petroleum
ether to remove any remaining free fatty acids.
The other surfactants were used as received
from the manufacturer or laboratory and are
shown in Table I.
After thickness measurements were made, the
skin discs were rinsed twice in distilled water,
transferred to a 0.1% aqueous solution of indigo
carmine dye or methylene blue for 30 seconds, and
rinsed again in distilled water. The discs were
examined for retention of blue dye. Untreated
discs which were left in distilled water for 24 hours
at 35°C. served as controls for the thickness meas-
urements and for the dye uptake observations.
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RESULTS
Anionic Soaps
According to McBain (5), soaps hydrolyze to
form hydroxyl ion and free fatty acid, but the
latter is converted into soluble or insoluble undis-
sociated acid soap. The hydroxyl ion concentra-
tion is thus no longer equal to that of the free
fatty acid, but is at least an order of magnitude
larger since the correspondng fatty acid is con-
sumed by forming acid soap.
The pH of each sodium soap solution at each of
the three concentrations studied is given in
Table II. The somewhat low pH values recorded
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Chemical Name
I. Anionics
Sodium acyl (coco) isethionate
Sodium dodecyl (tetrapropylene) hen-
zenesulfonate
Sodium dodecyl sulfate
II. Cationics
Distearyl-dimethyl-ammonium chloride
Di-isobutylphenoxy-ethoxyethyl-di-
methyl-benzyl-ammonium chloride
Cetyl-trimethyl-ammonium bromide
III. Non-ionics
Lauryl alcohol, ethylene oxide condensate
Polyoxyethylene sorbitan monolaurate
Tridecyl alcohol, ethylene oxide con-
densate
TABLE I
are the result of atmospheric Carbon dioxide in
the soap solutions. Any carbon dioxide taken up
by the soap solution would tend to lower the pH
due to the formation of free fatty acid.
The per cent swelling of the skin discs after
exposure to solutions of each of the sodium soaps
in the homologous series also are given in Table II.
In each case, at concentrations below the C.M.C.,
slight contraction was observed. However, this
change was not significant since approximately
the same percentage of contraction occurred in
the control discs placed in distilled water. Swell-
ing was observed with each soap solution at con-
centrations at or above the C.M.C. with the ex-
ception of C13
The greatest amount of swelling was produced
by the C12 soap followed by C14, C10, and Cs
soaps at concentrations above the C.M.C. The
C16 soap gave a slight swelling effect, while C13
soap caused no swelling of the discs.
In Figure 1 the swelling data from Table II
have been represented graphically to relate car-
bon length to per cent change in disc thickness.
For comparison, a similar graphic representation
for the sodium alkyl sulfate series is given in Fig-
ure 2. Under comparable treatment conditions,
i.e., concentration, time, and temperature, the
magnitude of disc thickness increase or swelling
was, in general, less for the soap series than for
the alkyl sulfate series. This was interpreted to
mean that the alkyl sulfates exerted a greater ef-
feet on the skin protein than did the sodium soaps.
It is significant that the C12 compound in each
series produced the greatest tissue response. Sim-
ilarly, the C16 and C18 soaps and the C16 and C18
alkyl sulfates demonstrated little or no swelling
action on the tissue (1).
The indigo carmine staining reactions of discs
treated with sodium soap solutions are given in
Table II. The recording of dye uptake was based
on the observable blue intensity shown by a
treated disc compared to a. disc treated in distilled
water. Discs treated with soap solutions at and
below the C.M.C. exhibited an intensity of dye
uptake equivalent to that of discs treated with
distilled water. Partial or complete inhibition of
indigo carmine dye uptake was observed on discs
treated with C10, C12, and C14 soap solutions
above the C.M.C. No inhibition of dye uptake
was shown on discs treated with C5, C16, and C13
soap solutions above the C.M.C. The data suggest
that the interaction of these sodium soaps with
dermal collagen did not result in the obstruction
of a sufficient number of acid dye binding sites on
the tissue to produce a significant stain differen-
tiation. One unexpected finding was the lack of
indigo carmine dye inhibition on discs treated
with the C3 soap despite the significant swelling.
Anionic Surf act ants Other Than Sodium Soaps
Calf skin disc thickness data obtained from the
study of three types of surfactants arc given in
Trade Name Source Per CentPurity
Igepon A
Arquad 2HT
Hyamine 1622
Cetab
Brij 35
Tween 20
Sterox AJ-100
Organic Laboratory
Organic Laboratory
Organic Laboratory
Armour & Co.
Rohm & Haas Co.
Fairfield Laboratories
Atlas Chemical Com-
pany
Atlas Chemical Com-
pany
Monsanto Co.
100.0
98.5
99.0
100.0
100.0
100.0
100.0
100.0
100.0
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TABLE II
Measured response and dye uptake of dehydrated
calf skin discs subjected to sodium
soap solutions
Table III. The pH of each solution was greater
than 6.0. Of the three anionic surfactants inves-
tigated, Igepon A caused the least swelling. The
greatest swelling was produced by sodium dodecyl
sulfate followed by sodium dodecylbenzenesul-
fonate. Contraction or decrease in disc thickness
occurred at levels below the C.M.C. of each of
the anionic surfactants.
Only discs which exhibited swelling were found
to show inhibition of indigo carmine dye uptake.
As shown in Table III, no inhibition of indigo
carmine was observed at concentrations below
the C.M.C. of the anionics. In the case of the
basic dye, methylene blue, no inhibition of uptake
by the discs occurred with any anionics, below or
above the C.M.C.
Cationic Surfactants
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No swelling of the calf skin discs was observed
for the three cationic surfactants, Arquad 2HT,
Hyamine 1622, and Cetab, as indicated in Table
III. Contraction of the discs occurred at all con-
centrations. Also, no inhibition of acid or basic
dye uptake occurred on discs treated with the
cationics.
Non-ionic Surfactants
No swelling was found with the three non-ionic
surfactants, Brij 35, Tween 20, and Sterox AJ-
100, studied at concentrations below or above
the C.M.C. Also, no acid or basic dye uptake in-
hibition of the non-ionic treated discs was
observed.
DISCUSSION
Negative values representing tissue contraction
+ were not considered significant since distilled wa-
+ ter also produced this effect. Swelling of the
tissue was indicative of some interaction occur-
ring between the tissue and the chemical agent.
Histologically, the skin discs that showed moder-
+ ate swelling (less than 50%) appeared free of
structural distortions. However, when the swell-
+ ing values were 50% or greater, the tissue did
+ show structural changes on histologic examina-
+ tion. The individual collagen fibers were swollen
and did not return to the unswollen state after
+ being removed from the surfactant solution.
Of the three types of surfactants examined, only
the anionics produced swelling of the skin tissue.
The swelling responses of the anionic soaps re-
ported here are in agreement with the irritation
responses produced on the skin of human sub-
jects. Emery and Edwards (2) found that C,2
sodium soap exhibited the most frequent skin
irritation on human skin. The C,0 and C,., sodium
soaps showed less irritation than C,.. Little or no
irritation was found with the C8 , C,6 or C,8 soaps.
Other authors reported similar irritation effects
by anionic surfactants on human tissue (7).
Anionic surfactants were reported to react with
keratin (3). As shown by Lundgren (4), complex
formation between protein and anionic surfac-
ta.nts resulted in denaturation and solubilization
of the protein molecule.
In other studies in our laboratory (8), it had
been demonstrated that percutaneous absorption
of allergens such as nickel was not facilitated by
cationic surf actants as was observed for an
Sodium Soap
Indigo
Car-
mine
Dye
Uptakea
+
+
+
+
+
Per Cent
Solution
Concen-
tration
3.0
6.
12.0
1.2
2. 4b
4.8
0.32
0.64'
1.28
0.09
0.180
0.36
0.021
0.042"
0.084
0. 0016
0.003 lb
0.0062
C7H1 5COONa
C9H,9COONa
C,,H,3COONa
C,,HnCOONa
C, ,H31COONa
C,,th5COONa
Distilled 1120
Per Cent
pH ChangeSolution In Disc
Thickness
7.0. —16.0
7.1 31.4
7.5 61.8
7.6 —15.4
8.0 63.1
8.3 93.8
7.9 —14.0
8.4 82.1
9.1 135.7
8.9 —15.0
10.2 22.1
10.5 120.8
9.2 —15.8
10.3 3.8
10.8 19.0
7.1 —15.7
7.2 —15.2
8.7 —14.0
5.7 —15.5
a (+) = complete dye uptake by disc(±) = slight dye uptake by disc
(—) = no dye uptake by disc
b Critical Micel e Concentration at 35°C.
PE
R
 
CE
NT
 
CH
AN
G
E 
IN
 
SK
IN
 
D
IS
C 
TH
IC
KN
ES
S 
PE
R
 C
EN
T 
CH
AN
G
E 
IN
 
SK
IN
 
D
IS
C 
0t
 
0 
0 
o
 
TH
IC
KN
ES
S 
U'
 
H
 
CD
 
CD
 
Co
 
C'
, 
'1
 
CD
 
C,
, 
'C
D
 
CD
 
C'
, 
CD
 
CD
 
C'
, 
(n 0 
CD
 
D
 
Ca
 
C 
—
 
D
o 
CD
 o
 
r -T
I 
CD
> P1 
co
 
D
o C'
, 
CD
 
D
o Ct
- 
CD
 
Co
 
CD
 
CD
 
CD
 
0) 
H
 
CD
 
CD
 
CD
 
Co
 
C'
, 
CD
 
CD
 
Co
 
•
0 0 CD C', CD CD CD Do COO cn
 
Co
o 
C'
,>
 
CD
 
U 
D
o 0 0 CD 0 CD C', rio CD C,, CD CD Co 
E 
-
-
-
 
::
::
::
::
::
::
::
::
::
::
::
::
::
::
::
::
::
::
::
 
-
-
-
-
-
-
 
•
::
::
::
::
::
::
::
::
::
fJ
 
I : F 
-
 
.
::
:f.
:f.
:::
:::
:::
:::
:::
:::
:::
:::
I 
F 
I ::
 
C)
 
C)
 
0 C
) 
C)
 
A C)
 
0,
 
TO
 0 
[ I: III 
0 (D p p 
0,
 0 p 
DETERMINATION OF THE RESPONSE OF SKIN 181
TABLE III
Measured response and dye uptake of dehydrated calf skin discs subjected to surfactant solutions
anionic surfactant such as sodium dodecyl
sulfate.
Putnam (6) stated that non-ionic surfactants
are not reactive with proteins since strong polar
groups must be present on the surfactant mole-
cule for interaction with a protein. Skin discs ex-
posed to non-ionic solutions showed no swelling
response.
The use of swelling as a criterion for demon-
strating the effect of a surfactant on an isolated
tissue component is cited. Witter and Mink (9)
reported that anionic surfactants caused swelling
of isolated rat liver mitochondria. The cationics
caused agglutination but not swelling. The
non-ionics did not combine with the protein. No
Compound Per Cent SolutionConcentration
A. Anionics
Igepon A
Sodium dodecylbenzene-
sulfonate
Sodium dodecyl sulfate
B. Cationics
Arquad 2HT
Hyamine 1622
Cetab
C. Nonionics
Brij 35
Tween 20
Sterox AJ-100
pH Solution
6.5
6.6
6.7
6.5
6.4
6.2
6.1
6.4
6.4
7.3
7.2
7.5
7.3
7.3
7.4
7.1
6.9
6.9
6.8
6.1
6.1
6.5
6.3
6.2
6.5
6.3
6.1
0.02
0.20
0.60
0.02
0.20
0.60
0.02
0.20
0.60
0.005
0.20
0.40
0.005
0.20
0.40
0.005
0.20
0.40
0.002
0.04
0.10
0.002
0.04
0.10
0.002
0.04
0.10
Dye TJptakePer Cent Change
__________________________in Disc Thickness
Indigo carmine Methylene blue
-17.5 + +
10.4
44.6 — +
-15.4 + +
104.1 — +
123.7 — +
-18.7 + +
110.4 — +
157.0 — +
—23.3 + +
-19.4 + +
-17.0 + +
-28.4 + +
-21.3 + +
—19.0 + +
—20.7 + +
-19.8 + +
-14.5 + +
-20.5 + +
-5.3 + +
-2.9 + +
-21.0 + +
-14.7 + +
-13.1 + +
-16.8 + +
-15.9 + +
-15.9 + +
a (+) = complete dye uptake by disc(±) = slight dye uptake by disc
(—) = no dye uptake by disc
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direct correlation of these results is suggested but
they serve to point out that the swelling phe-
nomenon has been adapted by others to demon-
strate effects of surfactants on animal tissue.
Both the acid dye, indigo carmine, and the
basic dye, methylene blue, were applied to discs
treated with anionic, cationic and non-ionic sur-
factants to test the hypothesis that there is com-
petition between the dye and the surfactant for
binding sites on the protein. Discs treated with
anionic surfactants at concentrations which
caused no swelling showed no inhibition of acid
dye uptake as given in Table III. Treatment with
anionic surfactants at concentrations which pro-
duced swelling resulted in inhibition of acid dye
uptake by the discs. When the basic dye was
applied to discs treated with anionic surfactants,
no dye inhibition was encountered. This indicated
that the basic dye became attached to the protein
sites not available to the anionic surfactants.
Discs treated with cationic and non-ionic sur-
factants exhibited no swelling response at all
concentrations shown in Table III. No inhibition
of acid dye or basic dye was observed for the
cationic-treated and non-ionic-treated discs. If
appreciable amounts of cationic surfactant were
strongly attached to protein sites, uptake of
methylene blue would have been reduced and ob-
served visibly. This did not occur.
CONCLUSIONS
The calf skin disc thickness measurement tech-
nic provides an in vitro means for comparing the
responses of anionic, cationic and non-ionic sur-
factants to skin tissue. Disc thickness increase or
decrease reflects the effect of the surfactant on
dermal collagen.
Using this technic, a homologous series of pure
sodium soaps from C8 to C18 is arranged in order
of carbon chain lengths which produce different
amounts of swelling of the discs. The order of the
sodium soaps is similar to the order of the sodium
alkyl sulfates previously reported. The C1 com-
pound of each series produces the greatest swell-
ing response of the discs; the C18 compound of
each series produces the least or no swelling
response.
The critical micelle concentration of each
anionic surfactant is an important factor in
effecting thickness changes of the discs. Only
concentrations at or above the critical micelle
concentration of the anionics studied produce
swelling.
Discs treated with anionic surfactants at or
above the critical micelle concentration lose
their ability to take up the acid dye, indigo
carmine. This inhibition is due to the blocking of
protein sites by the anionic surfactant.
The cationic and the non-ionic surfactants in-
vestigated produce no thickness increases in the
discs and no inhibition of acid or basic dye uptake.
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